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Hubble parameter, 343 

Atlases and catalogues: for amateurs, 502 


Atm, ori, hy 


: 193; mountain shadows, 71; 





seeing Earth’s shadow from airplane, 117 
Auroras: 329, and amateurs, 494; cause of, 360 
Bioastronomy: SETI, 229, 492 
Black holes: see Collapsed objects 
Collapsed objects: atmospheres of white dwarfs, 606, 


607; binary pulsars, 461; binary supermassive black 
holes, 124; Cygnus X-1, 235; eclipsing binary milli- 
second pulsar, 237; exploding neutron stars? 7; 
finding black holes, 6; formation of neutron stars, 
348; power sources for galaxies and quasars, 344; 
spinars, 344; supermassive black holes, 344; young 
pulsars at centers of M81 and M82, 340 

Comets: amateurs and Halley, 577; amorphous ice, 5; 
in Dutch art, 707; future of observing, 577; Great 
Comet of 1680, 706; Halley 1% billion miles away, 
336; hunting, 579; IRAS-Araki-Alcock, 335; jet 
activity of Halley’s nucleus, 5, 456; Keedy award, 
191; i ‘ler (1988a), 64; Machholz (1988j), 398, 526; 
minicomets, 343, 628; most comet discoveries, 14, 
239, 334; observations wanted for directing space 
probe, 236; redirecting spacecraft toward, 134; 
Shoemaker-Holt (1988g) and Levy (1988e), 14; 
short-period comet source beyond Neptune, 123; 
SMM | and SMM 2, 336; SMM 3, 461; SMM 4 and 
SMM 5, 607; Tempel 2 (1987g), 64, 175, 284, 398, 
526 

Computing: amateur projects, 536; the analemma, 674; 
brightness ratio formula, 118; catalogues on floppy 
disks, 70; digital image processing, 142, 184; discrete 
Fourier transform for finding variable star’s period, 
288; Earth-orbiting satellites, 70; finding conjunc- 
tion in van Gogh painting, 406; future in astron- 
omy, 536; mountain shadows, 71; real-time tele- 
scope control, 537; sagitta of a concave mirror, 203; 
sunrise and sunset, earliest and latest, 674 

Conjunctions: Venus, Mercury, and Moon, April 20, 
1890, 406 

Constellation study: effects of precession, 55; patterns 
of H. A. Rey, 6 

Cosmology: cosmic strings, 345; discordant redshifts in 
galaxy clusters, 233; inflationary universe, 253, 613; 
limit of observable universe, 335; plasma cosmolo- 
gies and superclusters of galaxies, 118; value of 
Hubble parameter, 343 

Dark matter: extrasolar planet found? 346 

Detectors: for double beta decay in Hoover Dam, 461 


Eclipses: 


Lunar: 478; August 27, 1988, partial, 173 

Solar: 496; eclipse chasing, sociology of, 4; March 
18, 1988, total, 99, 192; shadow bands, 497; weather 
prospects for July 21-22, 1990, total, 138 


Education: amateur’s role in, 483, 519, 548, 549, 551 
Galaxies: Arp 144, 457; IC 1296, 107; IC 4617, 108, 


M51, 7, 346, 454; M77, 36; M81, 340, 605; M82, 
340, 600; NGC 1, 443; NGC 253, 583; NGC 300, 
583; NGC 2992, 37; NGC 3923, 236; NGC 4319, 
234; NGC 4565, 82; NGC 6196, 220; NGC 6703, 
220; NGC 6907, 324; NGC 6908, 324; NGC 7103, 
323; NGC 7104, 323; NGC7217, 443; NGC 7331, 
443; NGC 7839, 443; Sculptor system, 582 
Active: emission of NGC 2992, 37; explosive gas 
motion in M82, 600; MS51’s activity, 7; most distant, 
124, 125, 343; most luminous in infrared, 14; power 
source of, 340; Seyfert galaxies, 36 
Clusters of: Abell 370, 358; Abell 963, 358; Abell 
2218, 358; discordant redshifts in, 233; distribution 
in southern sky, 601; filimentary arcs and gravita- 
tional lensing, 358; Stephan’s Quintet, 233, 317; 
tracing illusory filaments, 602 
Interacting: Arp 144 as ring galaxy, 457; galactic 
merger forming NGC 3923, 236; spiral structure of 
MS51’s companion, 346 
Local Group (see also Milky Way and Magellanic 
Clouds): Sculptor system, 582 
Milky Way: differential rotation, 26; giant radio 
jet, 347; molecular clouds, 22 
“‘Normal’’: density waves and star birth, 454; 
formation of, 335; most distant, 125, 335, 343; 
planetary nebulae in M81, 605 
Superclusters of: and plasma cosmologies, 118; 
distribution in southern sky, 601 
ti y: bursters, 345; Cygnus X-1, 235 
Gravitation: Einstein ring, 8, 345; galactic arcs, 345, 
358; gravitational lenses, 8, 123, 344, 347, 358 
History: Antoniadi’s drawings of Mercury, 229; astro- 
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nomical ghost stories, 414; of astrophotography, 
463; ‘“‘crack’’ in the Sun, 140; criticism of Otto 
Struve, 229; development of the zodiac, 55; Dreyer 
creating the NGC, 621; first meteorite observed in 
the New World, 230; first radio telescope, 28; Great 
Comet of 1680, 706; Leonid meteor shower wood- 
cut, 334; Lick Observatory’s first century, 260; Mars 
in 1909, 247; notable amateurs, 484; Leslie Peltier 
and Copus Hill, 78; of western astrology, 366 

Image processing: 142, 184; perspective in spacecraft 
imagery, 455 

Infrared astronomy: most luminous IRAS galaxy, 14; 
possible brown dwarf, 13 

Interferometry: Australia Telescope, 615; combining 
signals, 619; resolution of, 617; Very Large Array, 
616; Very Long Baseline Array, 231 

Interstellar matter: carbon monoxide clouds, 22; Pio- 
neer spacecraft to leave heliosphere, 460; pollutants 
in white dwarfs, 606, 607 

Light pollution: 57 

Magellanic Clouds: extent of Large Magellanic Cloud, 
Il; nucleus of LMC, 118 

Meteorites: and amateurs, 498; Cretaceous-lertiary 
impact, 11, 605; diamond grains in, 237; first 
witnessed in the New World, 230; higher fall rate, 
12; lite-carrying from Earth, 605; Miocene impact, 
607 

Meteors: and amateurs, 498; Leonid shower woodcut, 
334; observing, 131, 363, 498; Perseids, 704 


Millimeter and submillimeter astronomy: 24; | .2-meter 
**mini’’ radio telescopes, 22; Soviets building largest 
millimeter dish, 239; spectroscopy, 24 

Molecular clouds: finding kinematic distances, 27; in 
Milky Way, 22; tiny clouds around Betelgeuse, 231 

Moon: amateur observers, 478; features in stereo, 6; 
lunar transient phenomena, 478; very young, 34 

Nebulae: 

Bright: Cone, 467; IC 1470, 582; M8 (Lagoon), 
82; M20 (Trifid), 472; M42 (Orion), 82, 465, 466; 
NGC 281, 623; NGC 1499 (California), 444, 710; 
Reiland’s object, 582; Tarantula as center of LMC, 
118 
Dark: and carbon monoxide emission, 22 
Planetary: **bow-shock’’ nebula, 120; as distance 
measure for galaxies, 605; extragalactic, 605; 
IC 1295, 108; MS7 (Ring), 106; M76, 710 
Neutrino astronomy: Supernova 1987A, 348 
Neutron stars: see Collapsed objects 


Novae: amateur hunting programs, 490; Nova Cygni 
1975 as cataclysmic variable, 119; U Scorpii as 
future supernova? 339 

Observatories (amateur and public): Creixell’s dome on 
golf balls, 80; Dyck’s merry-go-round, 297; Grand 
Canyon Guest, 681; Hood’s roll-off roof, 88; new 
in Rhode Island, 685 


Observatories (professional): Amundsen-Scott South 
Pole Station, 351; Boyden threatened, 118; budget 
cuts for national observatories, 239; Dominion 
Astrophysical, 337; environmental concerns of build- 
ing, 613; European Southern, 121, 340; heat pollu- 
tion at U. S. Naval, 14; Kuiper Airborne, 125, 624, 
626; Lick’s first century, 260; Meudon, 249; Mount 
Graham, 607; site testing for VLT, 121; Steward’s 
mirror laboratory, 128, 239 


Observing techniques: color-filter mountings, 5; for 
comets, 577, 579; estimating the sky’s limiting 
magnitude, 132, 364; finding the moons of Mars, 
280; Jupiter’s atmosphere, Red Spot, and moon 
Himalia, 524; meteors, 131, 363; seeing considera- 
tions for building observatory, 88; timing transits 
on Jupiter, 664 

Occultations: amateur recordings of, 480; Pluto, of 
star, 125, 624; July 16, 1988, lunar, of Regulus, 62; 
September 1-2, 1988, lunar, of Pleiades, 174; Octo- 
ber 6th, lunar, of Regulus, 393; November 30th, 
1988, lunar, of Regulus, 527 

Optics: active optics, 9, 340; double viewfinder for two 
observers, 423; foam-core mirrors, 337; future of 
amateur designs, 562; glass-globe telescope, 428; 
lensless Schmidt camera, 333; seven-hole aperture 
stop improves contrast on planets, 427; unob- 
structed Yolo design, 198 

Organizations: American Association of Variable Star 
Observers, 471, 488; Association of Lunar and 
Planetary Observers, 471, 474, 478, 664; Astronomi- 
cal Society of the Pacific educational programs, 549; 
British Astronomical Society, 494; European Space 
Agency exhibit, 343; International Amateur-Profes- 
sional Photoelectric Photometry, 453, 489; Interna 
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tional Astronomical Union meeting in Baltimore, 
116, 125, 346; International Astronomical Union 
and amateurs, 546, 547; International Occultation 
Timing Association, 480; Sagdeev to leave Soviet 
Space Research Institute, 239; Society of Amateur 
Radio Astronomers, 492 


People: Alcock, G., 490; Antoniadi, E., 229, 247; 
Bradfield, W., 334; Brunier, S., 343; Buchroeder, 
R., 562; Cox, R., 564; Dilworth, D., 562; Dreyer, 
J., 621; Dunham, D., 480; Evans, R., 467, 491; 
Frank, L., 628; Hall, A., 242; Herschel, C., 121, 
598; Herschel, W., 461; Heyden, F., 117; Holt, -H., 
14, 239; Jones, A., 597; Kaiser, D., 662; Kemp, J., 
342; Kirch, G., 706; Kozai, Y., 347; Langley, S., 
233; Leonard, A., 201, 565; Liller, W., 466; Lou- 
don, J., 613; Lowell, P., 247, 485; Mattei, J., 488; 
McNally, D., 347; Peary, R., 653; Peltier, L., 78; 
Pennypacker, C., 491; Reber, G., 28, 31, 598; 
Sagdeev, R., 239; Shoemaker, C. and E., 14, 239, 
334; Smith, H., 607; Struve, O., 229; Zel’dovich, 
Ya., 354 


Photography: amateur planetary, 477; of atmospheric 
phenomena, 193; best guide books, 504; coma 
corrector, 257; comparing color films, 209; emulsion 
changes, 207; history of astrophotography, 463; of 
March 18, 1988, solar eclipse, 103; of Mars, 319; 
mystery photo answer, 211; sky mapping with fast 
film, 436; stereographic images, 6, 141; using slower 
films, 207; using telephoto lenses, 438 


Planets and their satellites: and amateur observers, 474 


Earth (see also Moon): Cretaceous-Tertiary im- 
pact, 11, 605; diamonds older than? 237; fires 
sparked by asteroid impact, 605; ice ages and carbon 
dioxide, 604; lengthening day, 607; life-carrying 
meteorites from, 605; magnetosphere and radiation 
belts, 360; Miocene impact, 607; minicomet contro- 
versy, 628; sunrise and sunset at the poles, 653 

Jupiter: atmospheric features, 474, 524, 664; 
Himalia, 526; occultations, transits of moons, 392 

Mars: best ground-based photographs, 593, 614; 
canals, 247; changes since last opposition, 283; 
discovery of its moons, 242; drawings by Antoniadi, 
Barnard, and Lowell, 248; dust devils on, 229; 
exploration of, 17, 21; making three-dimensional 
pictures, 455; in 1909, 247; observing, 172; pedestal 
craters, 234; Phobos and Deimos, 17, 242, 280, 613; 
photographic mosaics, 136, 240; photographine, 
319; wandering poles of, 234 

Mercury: drawings by Antoniadi, 229; probing 
with microwaves, 457 

Neptune: magnetic field of, 343; Nereid’s size and 
shape, 599; Voyager photograph of, 239 

Pluto: atmosphere of, 125, 624; high rock-ice 
ratio, 600; mutual events with Charon, 600, 627 

Saturn: Titan’s atmosphere, 238 

Uranus: ice volcanism on Ariel and Miranda, 606; 
movie of Miranda, 455; 10 satellites named, 125 

Venus: radar images, 13; volcanoes and lightning, 
458 , 


Pulsars: see Collapsed objects 


Quasars: binary supermassive black holes at center of, 
124; blazars, 37; bridge linking to galaxy, 233; 
‘‘cloverleaf,’’ 343; gravitational amplification, 347; 
and gravitational lenses, 123, 347; Huchra’s lens, 
123; BL Lacertae, 36; origin of jets and counterjets, 
603; and redshift controversy, 233; types, 36 


Radio astronomy: in Australia, 615; beginnings of; 28; 
books on, 634, 635; carbon monoxide studies, -22; 
Einstein ring, 8; images of M51, 7; jets and 
counterjets of quasars, 603; Mercury in microwave 
band, 457; Milky Way’s radio jet, 347; Grote Reber 
and, 28, 598; types of radio objects, 36 ' 

Science policy: budget cuts for national observatories, 
239, 598; Buenos Aires Oath for astronomers, 125, 
347; West German astronomy projecis, 12 

Solar system: disturbance of by passing bodies, 603; 
Oort cloud, 123; Planet X, 603, 607 ? 

Spacecraft: Advanced X-ray Astrophysics Facility, 343; 
coffee-can-size, 9; Comet Rendezvous Asteroid 
Flyby, 236; Dynamics Explorer 1, 362, 628; Hubble 
Space Telescope launch, 347, 607; Infrared Space 
Observatory, 14; International Cometary Explorer, 
134; Magellan, 338; Phobos mission, 17, 239, 461; 
Pioneers 10 and 11, 460; Pioneer Venus Orbiter, 
474; reactivating Giotto, 125, 134; Sakigake and 
Suisei’s new missions, 135; Solar Maximum Mission 
satellite discovers comets, 336, 461, 607; Soviet 
missions to Mars, 17, 21, 239; Venera radar images 
of Venus, 13; Voyager image of Neptune and 
Triton, 239 


Space policy: future of U. S. space program, 148; and 
presidential campaign, 332 
Star clusters: 

Globular: M11, 623; M13, 108, 219; M15, 442, 
459; M30, 323; M56, 220; NGC 288, 582; X-ray 
source in M15, 459 

Open: Double Cluster, 710; Hyades, 14; M34, 
710; NGC 6811, 582; starlike miniclusters, 341 

Stars: atmospheres of white dwarfs, 606, 607; brown 
dwarfs, 13, 346; carbon stars, 237; circulation in, 
14; early star formation, 232; formation and galactic 
density waves, 454; most distant, 461; planet forma- 
tion, 232; supermassive, 341 

Double and multiple: brown-dwart companion? 
13, 346; eclipsing binary millisecond pulsar, 237; 
measuring, 487 

Individual: Eta Carinae, 341; 61 Cygni, 275; 
HD 114762, 346; Sanduleak -66°41, 341; 
‘*Schweizer-Middleditch”’ star, 10 

Variable: W Andromedae, 395; R Aquarii, 120; 
Betelgeuse, 460; Delta Capricorni, 351; cataclysmic, 
119, 120; flare stars around M42, 238; Mira, 387; 
Nova Cygni 1975, 119; NSV 3005, 662; Epsilon 
Persei, 9; U Scorpii, 339; R Scuti, 488; stellar 
pulsations, 9; T Tauri stars, 232; Gamma-2 Velo- 
rum, 351 


Sun: amateurs and, 468; the analemma, 653, 674; 
beginning of new solar cycle, 8; convection eddies, 
8; ‘‘crack’’ in, 140; dangers of suntanning, 598; 
diameter, 496; and Earth’s magnetosphere, 360; 
International Solar Month, 599; Pioneer 10 looks 
for edge of heliosphere, 460; at the polar regions, 
653; sunspots, 338, 355, 468 


Supernovae: amateur’s independent discovery of SN 
1987A, 597; creating diamond grains, 237; forma- 
tion of neutron stars, 348; hunting programs, 490; 
light echoes, 32, 342; Lupus supernova remnant, 10; 
most distant, 461; neutrinos from, 348; remnant 
N49 in the LMC, 345; U Scorpii as possible Type I, 
339; SN 1987A, 32, 342, 348 


Telescope making: best books for, 507; better tangent 
arm, 609; bicycle-conduit telescope mount, 696; 
binocular reflectors, 611; bowling-ball reflector, 
610; building one for less than $500, 250; cleaning 
optics with adhesion films, 5; collimating a Newto- 
nian reflector, 230; conventions in 1988, 608; digital 
setting circles, 258; the future of, 562, 565; glass- 
globe telescope using ancient technology, 428; half- 
stepping a drive motor, 92; Herschelian reflector, 
610; homemade illuminated reticle eyepiece, 425; 
image intensifier, 632; large amateur telescopes, 612; 
lightweight mirrors, 698; long-focus refractor, 611; 
new type of equatorial table, 303; placing ink dot 
on primary mirror, 230; pulsating Telrad, 694; 
rotatable telescope tube, 612; schiefspiegler reflec- 
tor, 610; slide box for nebula filter, 608; unob- 
structed Yolo design, 198 


Telescopes (amateur): Hirtie’s bowling-ball reflector, 
609; meter-class for Arizona resort, 681; Riggsbee’s 
solar telescope, 470; 5-inch Sasian-Yolo reflector, 
198; Axness’ 6-inch Herschelian reflector, 609; 
Hendrick’s 6-inch schiefspiegler, 610; Levy’s 6-inch 
rich-field reflector, 250; Heiden’s 6-inch binocular 
reflector, 610; Sorenson’s 6-inch refractor, 611; 
French’s 8-inch refractor, 608; d’Autume’s 14-inch 
Dobsonian and equatorial table, 303; Los Angeles 
Astronomical Society’s 31-inch reflector, 612; 70- 
inch Large Amateur Telescope project, 612 


Telescopes (professional): 36-inch Lick lens refigured, 
426; 1.2-meter ‘‘mini’’ radio telescopes, 23; 72-inch 
at Dominion Astrophysical Observatory, 337; 3.5- 
meter ARC telescope at Apache Point, 126; 3.58- 
meter New Technology Telescope, 340; 6-meter 
reflector in Caucasus improvements, 347; 6.5-meter 
mirror for Multiple Mirror Telescope, 129; 12-meter 
German Large Telescope, 12; 70-meter millimeter- 
wavelength dish in Uzbekistan, 239; Australia Tele- 
scope, 615; first true radio telescope, 28; South Pole 
Optical Telescope, 351; spun mirrors for Very Large 
Telescope, 461; Very Long Baseline Array radio 
telescopes, 231 


Timekeeping: adjusting a digital watch, 427; Australian 
time signal returns, 685 

Vision: color of the moonlit sky, 141; image intensi- 
fier, 632; seeing the Moon’s craters in 3-D, 6; 
validity in UFO reports, 597; viewing stereo images, 
141 

X-ray astronomy: Cygnus X-1, 235; finding black 
holes, 7; high-resolution of Sun, 356; Phobos 
spacecraft observes Sun, 239; source in M15, 459 





